The objective of this study was to assess agreement on nutrient intake between the nutrient database of the First National Health and Nutrition Examination Survey (NHANES I) and an up-to-date (December 1998) nutrient database, the ESHA Food Processor. Analysis was conducted among 11,303 NHANES I participants aged 25-74 years in 1971-1975 who had undergone dietary assessment. A list of all unique foods consumed was obtained from a single 24-hour dietary recall questionnaire administered during the baseline NHANES I visit. Foods on the list were matched to foods in the ESHA Food Processor software. Agreement between participants' nutrient intakes as calculated with the NHANES I and ESHA nutrient databases was assessed using intraclass correlation analysis, linear regression analysis, and graphic methods. Intraclass correlation analysis demonstrated excellent concordance between most nutrient intakes, with coefficients above 0.95 for intakes of energy, carbohydrates, protein, cholesterol, and calcium; coefficients between 0.90 and 0.95 for intakes of total fat, saturated fat, potassium, and vitamin C; and coefficients of approximately 0.85 for intakes of sodium and vitamin A. Graphic methods and regression analyses also showed good-to-excellent correspondence for most nutrients. These findings support the validity of expanding existing nutrient intake databases to explore current hypotheses, provided that food formulation, enrichment, and fortification practices have not changed substantially over time.
Collection of data on nutrient intake is costly and timeconsuming, particularly in large populations such as those needed for prospective epidemiologic studies. The collection of accurate and precise nutrient data for epidemiologic studies often requires labor-intensive interviewing techniques or lengthy questionnaires and a significant time commitment on the part of participants (1) (2) (3) (4) (5) . After data collection, each food item must be matched with appropriate nutrient composition data. This process can be both costly and time-consuming if reported foods do not appear in the study's nutrient composition database. Furthermore, selection of a nutrient composition database usually precedes the interviewing process and may influence the process itself.
For example, selection of the most appropriate food code and relevant probes may be limited by the availability of food composition data, particularly if a computerized interview system is used.
Prospective epidemiologic studies have contributed substantially to our understanding of the effects of dietary nutrient intake on chronic disease (6) (7) (8) (9) (10) . Several of these studies have provided long periods of follow-up, relatively large sample sizes, high event rates, and extensive highquality dietary data (6) (7) (8) (9) (10) . Unfortunately, secondary analysis of these studies for exploration of current hypotheses may be limited by a lack of information on one or more nutrients. For example, the First National Health and Nutri-tion Examination Survey (NHANES I), conducted between 1971 and 1975, collected 24-hour dietary recall data as well as food frequency data on 20,749 participants. Of these participants, 14,407 were followed for an average of 19 years in the NHANES I Epidemiologic Follow-up Study (NHEFS) (11) . Unfortunately, dietary intake values are only available for a limited set of nutrients, and these nutrients do not include many now thought to be important in the etiology of chronic diseases. For instance, in the NHANES I data set, nutrient information is not available for transunsaturated fatty acids, folate, vitamin E, water-soluble fiber, animal and vegetable sources of protein, and amino acid composition.
It may be possible to address new hypotheses by adding currently available food composition information to existing data and thereby calculating previously unavailable nutrient intakes for study participants. Expansion of existing food composition information represents an efficient and novel approach to the collection of nutrient intake data. The goal of this study was to assess agreement between participants' nutrient intakes calculated using two different nutrient databases, since strong agreement would support the validity of expanding food composition information in this manner. We calculated nutrient intakes using a current nutrient database (ESHA Food Processor software) and assessed agreement between those estimates and NHANES I nutrient intake estimates.
MATERIALS AND METHODS

Study population
Individuals who participated in the NHANES I and NHEFS and who completed a 24-hour dietary recall questionnaire were included in this analysis. The NHANES I employed a multistage, stratified, probability sampling design to select a representative sample of the US civilian noninstitutionalized population aged 1-74 years (11, 12) . Certain population subgroups, including persons with low incomes, women of childbearing age (25-44 years) , and the elderly (persons aged 65 years or older), were oversampled. The NHEFS is a prospective cohort study of NHANES I participants who were 25-74 years of age when the survey was conducted between 1971 and 1975. Of the 14,407 persons in this age range at baseline, we excluded a separate random subsample of 3,059 participants who had not been administered a 24-hour dietary recall by study design, as well as 45 participants who did not have information on amount of food consumed for all foods listed. Thus, a total of 11,303 participants were included in the analysis.
Assessment of nutrient intake in NHANES I
Baseline data collection in the NHANES I included administration of a single 24-hour dietary recall questionnaire by trained personnel possessing at least a bachelor's degree in food and nutrition. The 24-hour dietary recall was conducted using a standardized protocol and 51 threedimensional models to estimate portion size. Interviewers coded the dietary recall questionnaires using nutrient infor- (15) .
A listing of the 3,481 unique foods recorded during collection of the 24-hour dietary recall data was obtained. Each unique food was matched to a corresponding food item listed in the ESHA Food Processor nutrient database by name and nutrient composition in the NHANES I database. Both criteria were used to determine the most suitable match for all 3,481 foods. An appropriate match could not be identified for 33 foods (0.95 percent). These foods included 10 substances identified as chemicals used in commercial baking, six brand-name breakfast cereals last marketed in the 1970s, four items listed as "drained liquid" from canned foods, and 13 other foods ranging from reindeer milk to prune whip. For these foods, nutrient composition as listed in the NHANES I database was added to the ESHA database and was included in the agreement analysis.
Statistical methods
Agreement between existing intakes and calculated intakes was examined for 11 nutrients, including total energy (kcal), carbohydrates (g), protein (g), saturated fat (g), cholesterol (mg), calcium (mg), sodium (mg), potassium (mg), vitamin A (IU), and vitamin C (mg). These nutrients have most often been related to the development of chronic disease, particularly cardiovascular disease. The distribution of values for each nutrient was examined using graphic methods and nonparametric tests. All distributions were found to be non-normal with positive skew. Consequently, median values and interquartile ranges are presented as measures of central tendency. Agreement between existing nutrient intake data from the NHANES I survey and nutrient data calculated using the ESHA food composition database was evaluated using paired t tests, nonparametric tests, and linear regression analyses in which nutrient intake data from the NHANES I survey were regressed on ESHA recalculated intake data. The level of agreement between NHANES I nutrient intakes and the recalculated data was determined using intraclass correlation coefficients (16, 17) . The ESHA recalculated nutrient intake estimates were plotted against NHANES I estimates as determined by the National Center for Health Statistics for assessment of agreement and identification of outliers. In addition, differences between NHANES I and ESHA recalculated nutrient intakes (ESHA value minus NHANES I value) were plotted against averaged intake values to investigate this relation (18) . For example, if a positive relation were apparent between the mean of the two measures and the difference, lack of agreement might increase at higher intake values of the nutrient.
RESULTS
Of the 11 nutrients examined in 3,481 foods-total energy, carbohydrate, protein, fat, saturated fat, cholesterol, calcium, sodium, potassium, vitamin C, and vitamin A-we found 0 percent, 0 percent, 0 percent, 0.03 percent, 3.1 percent, 2.1 percent, 0.2 percent, 0.3 percent, 2.4 percent, 1.5 percent, and 1.4 percent, respectively, of these nutrient values to be missing in the ESHA database. Median estimates, interquartile ranges, and paired median differences for nutrient intake information are presented in table 1. NHANES I median intake values were very similar to those calculated using the ESHA database for most nutrients. For example, the absolute value of percent median difference was less than 5 percent for six of the 11 nutrients examined and less than 10 percent for 10 of the 11 nutrients examined.
Percent median difference was -1.0 for total energy intake, 1.7 for total carbohydrate intake, -1.9 for protein intake, -2.2 for total fat intake, and -0.1 for saturated fat intake (table 1) . Percent median differences were somewhat higher for the mineral nutrients sodium and potassium (6.1 and 11.2, respectively). Mean values and 95 percent confidence intervals from NHANES I data and ESHA recalculated data were also very similar (data not shown). The distributions of differences tended to be positively skewed. Thus, median differences were smaller than mean differences for seven of the 11 nutrients examined (data not shown). Table 2 presents intraclass correlation coefficients and results of regression of NHANES I nutrient intake data on nutrient intakes recalculated using the ESHA database. Intraclass correlation coefficients were above 0.95 for intakes of energy, carbohydrates, protein, cholesterol, and calcium; between 0.90 and 0.95 for intakes of total fat, saturated fat, potassium, and vitamin C; and approximately 0.85 for intakes of sodium and vitamin A. Regression coefficients from linear regression of existing NHANES I nutrient values on recalculated ESHA nutrient values were all close to 1, except the coefficients for sodium (β = 0.80), potassium (β = 0.82), and vitamin A (β = 0.84).
Plots of ESHA recalculated nutrient values versus NHANES I nutrient values as estimated by the National Center for Health Statistics are presented in figures 1 and 2 for selected nutrients representing distinct patterns. Plots of protein and fat intakes (figure 1) show strong linear relations, with equal scattering of points above and below the regression line-a pattern similar to that observed for other macronutrients, cholesterol, calcium, and vitamin C (plots not shown). In the plot of potassium intake (figure 1), the scattering of points appeared somewhat greater above the regression line than below it; the same was true for sodium intake. The plot of vitamin A intake (figure 1) shows points distributed in a nonrandom, U-shaped pattern about the regression line. We plotted differences in nutrient intakes (ESHA value minus NHANES I value as estimated by the National Center for Health Statistics) against the average of these two values to graphically identify lack of agreement between the two databases. Figure 2 presents the plots of difference in nutrient intake versus average nutrient intake for protein, fat, potassium, and vitamin A. For protein and fat, these plots demonstrate good agreement and no relation between mean differences and averaged intake values. The same was true of other macronutrients and calcium. With respect to cholesterol intake, a slight downward trend appeared in the differences as mean intakes increased, indicating that agreement may decrease slightly at greater intake values. A similar pattern was seen for vitamin C intake. For potassium intake, variability in differences was greater than that for macronutrient intakes, yet there did not appear to be a positive or negative relation between the mean and the difference of the two measures. The same was true of sodium intake. The plot of differences in vitamin A intake displayed greater variability in the mean difference across the range of averaged values and many more outliers. For the majority of averaged measures of vitamin A, differences clustered around zero; however, both an upward trend and a downward trend existed with increasing measures of intake.
DISCUSSION
For most nutrients, our study found strong agreement (an intraclass correlation greater than 0.9 and regression coefficients between 0.9 and 1.1) between NHANES I estimates of intake and corresponding values calculated using ESHA Food Processor software. These findings have important implications for nutritional epidemiologic research in chronic disease. Strong agreement, such as that observed between the available NHANES I nutrient intake estimates and those calculated using the ESHA database, suggests that nutrient intakes for which there are no available comparison data are likely to provide a valid representation of study participants' intakes, provided that food formulation, fortification, and enrichment practices have not changed substantially over time. Therefore, when such practices have not changed for previously unavailable nutrients and agreement is good between recalculated and existing intakes, it may be possible to test hypotheses regarding the relation between newly calculated nutrient intakes and chronic diseases. These secondary analyses would avoid the considerable expense and lengthy follow-up time required to conduct prospective studies tailored to new dietary research questions.
Our findings support the validity of expanding nutrient intake data through the use of current nutrient information. The magnitudes of the median differences for nutrient intakes were generally quite small. Agreement appeared to be excellent for intakes of macronutrients, electrolytes, and vitamin C in plots of ESHA-calculated intake versus National Center for Health Statistics-estimated intake. Plots of potassium and sodium showed somewhat greater scatter 
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http://aje.oxfordjournals.org/ Downloaded from above the regression line, which suggests that ESHA estimates were slightly higher than NHANES I estimates for those nutrients. When differences between measures were plotted against the average of measures, only three of the 11 nutrients examined-cholesterol, vitamin C, and vitamin A-exhibited patterns indicating a decrease in agreement at higher intake values. The pattern apparent in figures 1 and 2 for vitamin A intake may indicate that specific food items are contributing to the variability in measurement. The vitamin A values of certain foods may differ because of missing values, errors in the NHANES I or ESHA food composition databases, changes in the formulations of certain food items, or changes in analytical practices. The NHANES I database had a higher percentage of missing values for vitamin A in food items than the ESHA nutrient database: 22 percent versus 1.4 percent. This difference would have systematically biased the estimates of vitamin A intake downward, possibly contributing to the pattern seen in figures 1 and 2. The same is true for sodium and potassium, for which 17.4 percent and 19.9 percent of values, respectively, were missing. The six largest positive differences in vitamin A (where ESHA values were at least 25,000 IU greater than corresponding NHANES I values) occurred for foods for which the NHANES I estimate was derived from the Tulane University Master Dietant Listing, a source no longer available for verification. In addition, a USDA Handbook No. 8 vitamin A value was also available in the NHANES I database for these same six foods, indicating that a reanalysis had been conducted. As a result, for each of these six food items, two different codes existed with independent estimates of the food's vitamin A content. The largest negative differences (where ESHA values for vitamin A were at least 25,000 IU less than corresponding NHANES I values) occurred for foods such as liver and chili powder. The ESHA vitamin A values for the latter foods were compared with those in the USDA Nutrient Database for Standard Reference, release 13 (19) , and were found to be similar. In addition, assay methods for vitamin A have changed over time. Older calorimetric methods were most likely used to determine the vitamin A content of foods in the NHANES I database; these methods are generally no longer considered acceptable, having been replaced with high-performance liquid chromatography (20) . Despite high variability for vitamin A, the overall median difference was small and the intraclass correlation was fair.
It is important to realize that the NHANES I dietary data were coded using, in large part, food composition information compiled in 1963. Because of the inevitable time lag between actual chemical determination of the composition of foods and publication of the data, chemical analysis of the foods represented in the 1963 edition of USDA Handbook No. 8 may have occurred at an even earlier date. Analysis of trends in the nutrient composition of the US food supply has demonstrated a reduction in the fat content of meat, particularly the saturated fat content, over time (21) . Therefore, the NHANES I nutrient data may have overestimated the fat content of the foods on which data were collected between 1971 and 1975.
Issues related to food composition databases should be carefully considered in the selection of an appropriate database for use in epidemiologic studies. Differences in databases over time are best evaluated with the input of nutritionists who are cognizant of changes in the food supply and in food composition methodologies. In some cases, older food composition data may not provide the best estimates of nutrient content. In particular, for foods and nutrients for which more accurate measurement techniques and application of statistical methods have improved estimates, more recent nutrient data may be more valid than earlier data, provided that the food itself has not changed (22) . The optimal database should use the most accurate value available for a food-the historical value where appropriate and an updated value when advances in measurement have taken place. Expansion of an existing nutrient database in this way may provide more accurate and useful data for hypothesistesting in nutritional epidemiology.
Adding new nutrient intake information to existing data sets has several advantages. It is inexpensive compared with the collection of new dietary data. For instance, the cost of collecting dietary data using 24-hour dietary recalls for a large cohort may be prohibitively expensive to all organizations except governments and corporations, whereas the cost of expanding an existing data set is likely to be very small in comparison. In addition, data expansion and subsequent analysis can be completed rapidly in comparison with the collection of new data. Most prospective studies of dietary nutrients require many thousands of person-years of followup for a sufficient number of chronic disease outcomes to accrue, even in a large cohort, but calculation of new nutrient intake information may be completed in short order. Furthermore, this method may be very useful in a wide range of epidemiologic studies, since the objective of most epidemiologic studies is to examine the association between nutrient intake and outcome. Therefore, the relative ranking of nutrient intake in individuals may be more important than absolute values.
Some limitations of expanding existing nutrient intake information in this way include changes in the nutrient content of foods over time, loss of some food items from the food supply, and the entry of new items into the food supply. Changes in the nutrient content of foods may occur because of the fortification or enrichment of certain food items or because of product reformulation. For instance, in 1996, the US Food and Drug Administration mandated that food fortification with folic acid be fully implemented by 1998 (23) . In addition, selective breeding techniques and alterations in plant foods may shift the nutrient content of the food supply over time (22, 24, 25) . For some common foods, such as apples and bananas, average sizes have increased and respective serving sizes are now larger. Incorporation of data obtained through different analytical methods into databases may contribute to a lack of agreement between databases. For instance, in spring 1989, the cholesterol content of eggs was determined by the USDA to be lower than previously thought. Consequently, nutrition information on eggs and egg products was changed in USDA Handbook No. 8, which is one source of the ESHA food composition information (26) . Thus, cholesterol intakes calculated using the ESHA nutrient information reflect the current lower cholesterol estimates for eggs and egg products. Even in the same time period, additional sources of difference between databases may include differences in sampling methods, measurement methods, and a host of other factors. In the United States, the USDA is the primary source for most database values. These estimates are central tendency values obtained from foods collected by sampling throughout the country (27) . Nutrient value estimates from other sources may have been obtained using different sampling methods, possibly contributing to lack of agreement between databases. In addition, sampling techniques are likely to have improved in the period since the NHANES I data were compiled. Despite the above limitations, the strong agreement we have demonstrated between available estimates of nutrient intake in existing data sets and the corresponding values in recalculated (expanded) data sets suggests good correspondence in the relative ranking of individuals' nutrient intakes.
In conclusion, our study found strong agreement between existing and recalculated nutrient intake data. In addition, this study illustrated the use of an up-to-date nutrient database to expand an existing dietary data set. The use of current nutrient databases to expand and update nutrient information may eventually decrease the cost and difficulty and increase the efficiency of studies in nutritional epidemiology, particularly as it relates to chronic diseases. Expansion of existing nutrient data sets represents a novel approach to the collection of dietary data in large populations, and it should be considered in future nutritional epidemiologic studies of chronic disease.
